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"’EPA Geophysical Properties
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“E _ Electrical Conductivity

Agency
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From http://www.eos.ubc.ca/ubcqif/ (adapted from Palacky, 1987)

Conductivity Is a function of porosity, permeabillity,

saturation, fluid conductivity, clay content, temperature


http://www.eos.ubc.ca/ubcgif/

“HA\ .. Seismic Wave Velocity

Agency

Soll 250-600
Weathered Layer 300-900 Vari ability caused
Alluvium 500-2000 by differences in:
Clay 1100-2500
Al 331.5 Saturation
NS 1400-1600 Consolidation
Sandstone and Shale 2000-4500 Weathering
Coal 1800-3400 Fracturing
Limestone 2000-6000
Igneous 5000-6400

Values summarized from various texts and online sources
v, Is the P-Wave (compressional) velocity, this is
always greater than the S-Wave (shear) velocity, v..
The ratio of v,/v, Is diagnostic of rock type.



SER Magnetic Susceptibility

Agency

Rock or Mineral Type Susceptibility X 1000
(Sl units)

Sedimentary rocks 0.1-0.9 Dln;tenionle_z.s
Metamorphic rocks 0.7-6 quantity _ _eSC“ INng
the ability of a
lgneous rocks 2.5-160 arial o b
Magnetite 1200-19200 mn? errllat'o de
limenite 300-3500 agnetize
Pyrrhotite 1-6000

Values summarized from various texts and online sources http:/Aww.cflhd.gov/resources/agm/
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SER Dielectric Constant

Agency

Measure of polarization (electronic, ionic, or
molecular) resulting from an applied electric

field.
Water 80.36
Diagnostic of lce 3.4.3
the amount of Sandstone (dry to moist) 4.7-12
water present Packed sand (dry to moist) 2.9-105
Soil (dry to moist) 3.9-29.4
Clay (dry to moist) 7-43

Values summarized from various texts and online sources

Varies inversely with frequency
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Density
« Density generally increases
with depth and time of burial (g/cm?)
Water (fresh) 1.0
* [gneous and metamorphic Soil / Overburden 1.2-2.4
rocks are generally more Sandstone 1.6-2.7
dense than sedimentary rocks Shale 1.7-3.2
Limestone 1.9-2.9
» Wider variability in Granite 2.67-2.79
sedimentary rocks due to Basalt 2.7-3.3
variations in porosity Metamorphic 2.4-3.1

Values summarized from various texts and online sources

Global average for crustal rocks is 2.67 g/cm?3 (2670 kg/m?3)



chargeability magnetic susceptibility

mm Good website for method selection at:
http://www.enviroscan.com/html/technique_selection.html
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Pros:
Sensitive to water
Less interference vs. EM

Depth Iteration 3 RHS error = 4.6 %
0.0

8.938 |

DC Resistivity

current
SOUTT e

measured
potential
i)

e

- linesof
_ ~= equal potential

i ¥
-

current flow
lines

8.59]
16.6 ]
24.8 ]
33.53
48.2]
47.1]
54.2]

Model

Inverse Resistivity i
(] 1 ] | [smjeuuyaeny e
8.51 11.9 16.5 23.0 32.0 4y 5 62.0
Resistivity in ohm.m

cons:
~ Geometry dependent
Challenging in arid regions
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Seismic Refraction

Agency
Seismic source
egphaones
: , Ground surface
R _ Ground roll
Direct wave 3
obé
xS
o I Layer 1
Seismic wave fronts - Velocity 1
Head wave Density 1
Geologic strata (seismic reflector) Layer 2
Diving wave Velocity 2
Density 2
North Line 4N South
Pros: v Cons:
Good resolution & = Logistics
Few interferences @ «! ~ Assumptions
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S _ Seismic Reflection

Agency

Pros: Con
High resolution : Cost
Scale & depth .. Permits/Access



http://geology.mines.edu/faculty/btrudgil/research.html
http://geology.mines.edu/faculty/btrudgil/research.html

“H1\ .. Frequency Domain EM

Pros:

Fast
Good recon tool

cons:
Limited depth
Interferences




“ER . Ground Penetrating Radar

Agency

y Ground
Penetrating Pros:
kil High resolution
Fast

Con:
Limited depth
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Agency

Upward Continued Residual Anomaly (nT)
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it Other Methods

Environmental Protection
Agency

Electrical self potential — provides information about
groundwater flow, chemical and temperature gradients

Induced polarization —
Measures chargeabillity,
related to porosity structure,
mineral grain size

Freely flowing ions

Controlled source
electromagnetics —
Surface techniques
used to measure
electrical conductivity |
to depths of several km =

500 1000 1500 2000

gl
Distance alang profile {m)
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Borehole Loggin

Spontaneous Potential
Magnetic Susceptibility

Natural Gamma
Caliper
Resistivity
Induction

Sonic

Density

Video
Temperature
Mud log
Cement Bond Log
Others...

Useful for determining:
Geological units

Water bearing zones
Screen settings

Pump depth

Packer locations

Also, can use some of
the previously
discussed methods in
boreholes.

g

i




<EPA

Environ
Agency

= Alrborne Geophysics

- e “"_ .

http://www.worldoil.com/Article.aspx?id=40370
Generally lower resolution but covers large areas quickly
Often used as a reconnaissance tool to identify areas for

detailed ground-based investigation



“EPA  Electromagnetics
Example ;

Goal — Characterize a geothermal resource and

identify possible drilling targets

Method — Controlled source audio- frequency
magnetotellurics (CSAMT)

v -

g

Location — Northeast of Weiser, Idaho



“EPA Survey Layout
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Low Frequency: Deeper Penetration

Higher Frequency: Shallow Penetration

100 ohm - metnres

Period = 100 8 Pericd=4s Perod = 1.’253
" = kind = 1000 d
skin depth = 5000 m  skin depth m ﬁm er and"Unsworth
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SEPA Conceptual Model of

United States
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T ww Geothermal System

Recharge from Precipitation Crane Creek

Land Surface l

ZLone of warm ground
and hot spring activity

FN 7™

Circulating water is heated

North _ . and eventually discharged to South
- \ Infiltration and lateral the surface

transport occurs along
highly permeable Structural
structural faults and \ Boundary
fractures primarily \t\‘.
orienterl NNW to SSE

v

TN
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Deep Heat Source
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Multiple Methods

Goal — Verify ZVI emplacement in subsurface

redox manipulation barrier

lLenivia Site Location el

Washington State

Hanford Site
560 Square Miles

Location — DOE Hanford Site,

Washington State

/ ISRM (100-D Area)

Methods — Electrical resistivity,
Induced polarization, Borehole

logging

1st Quarter FY 2005

Hexavalent Chromium

(1325%) Hexavalent Chromium {ugiL), asterix
indicates average concentration

44 <> Trend- Increase, Decrease, Stable.
1st Qtr. FY04 vs 1st Qtr. FY0S

' i 5 .
~750—  Contour (ugiL), dashed where inferred

oets Well Number (prefixed with 198-)
ISRM Treatment Well )

Monitoring Welt

Compliance Well Q te01  (123)

(REDOX-1)

Small Diameter Well N N\ L aTo
Pump & Treat Extraction Well

Pump & Treat Injection Well &
Aquifer Sampling Tube

Porewater Sampling Tube

Established Treatment Zone

Prrooxee

Meters b3
{mevoxa) (42)

100 200 300
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Depth (m) Below Ground Surface

Depth (m) Below Ground Surface
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~ Pre-Injection
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Borehole EM
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Seismic Refraction

Goal — Characterize a construction site and identify possible

karst sinkhole features or other hazards

Harts ° - Ny
= t | Oak r::’ll ¢ Qt.mr' ¥ Charlott
a Rainellzo Draft @
i irgini b4 At Chiftc
Logan West Virginia (Q\)U Mt Hope — A on _._&}\ /jfx
o ‘\V Lexington
Becklefy? \DanielsBF m \Q\ /,o o
Oceana 7o : SOV o ©Buena Vista
N . inuaoms-:'ﬂ o -r: o Hinton Ronce ) -
4, Shady ] p
Method — Seismic . S
A i 3 e {
. Kentucky|. ~.* K > ]
Refraction ) e
/ ( Prin e‘?n S 2 - -5 °Elu>5 Ridge Focast e et e
ot 5 N Qs o
m Gty > TrOWE Pearisbt Cloverdale
Oo_,' ity I_-rw;rd-,' el o Elueﬁeld/( Majuw.o @Pearisburg /gjgm loverda Ee:?‘m-n L o
2 " - > B C:
3 - &~ e|upﬁ= d % Blackgburgd . Roanoke Rustburg
Tazewell ; Ra 3 Christiansburg AltaVista
o Dublinge Rocky 3 Brookneal
Richiands aPlilaski '\I'_"Th.‘, i
\\\ b Mount:
Rural v 4:;1 vl ille Q
eburn ~ Lebanon Retreatgee® | S . -
o 5 ), = = Radford Army Ammunition Plant, Virginia
astlewood ‘3”0 )
= I ‘ el B Hal
gl ”_/_P, Mt Rogers &' e -:::}I e "‘|3J’=k
Ww National e T South
) j.bm'gdon - Recreation Area Martieevilla oston; c
Bristol= S ! - 3 -a ax 1Danvﬂle
= = = NG T o
- = p 3 M-:yr.talr:- Sparta e o N Edan=— = Q,—a ________ )
Location — Radford T e N e : -
Tennessee [ Jeffersorn r’/\ 29§ Roxboro
E i\ ] North Carolina A 2
A A -t- % A = Pl o /) - Reidsville
rl I Iy l I l l I lu n I IO n "Ohnson Boone Millers J:Ikln 7 ) /~
/ City Q perost | wSummerfield Y 4
1 1 . Lic S : ‘.Iot } Gibsonville Mebane Butner
¥ \__«--« Narth
Plant, Virginia SR e o S
[ w C"-’“‘Tﬂ"“’/ C8) High Ponmqéff L \
Lenoir
{ Mackeville ] hapel Hill T
] Granite | 'H R ThomasvnllM‘ finit :ﬂ ChapslHills LU/“':I
Falls Jl///-/ Lexm ton Marrisville \Rak
A ol
Morganton { Valdess o / Statesville SilerCit @ /(D‘)‘S
Black Marion -;:-,———;.;“‘ R Hléearyé 0! E . 621 _TM }O/.«.._k
a0 JL 40 J 5 ©2008 GooglginMap data ©2008 NAVTEQ™ - #8Fins of |



<EPA

United States
Environmental Protection

Site Plan

Road
< 315 ft. >
[ 1 Steam Line
|
A
q4— 95 1t. | < 95 ft. > 14 95 ft. >
®) ®) ® (12
l = 4 Seismic Overhead
First hole is 26 Line 2E Seismic Power lines
feet south and Line 2N Seismi
15 feet east of €ISmic
nole. | Line 4N
Paved
Seismic 1998 Area or
Line 1N 163 ft.
ons @ /@) 267+ ®
© @ Boring location o ¥—| Steam
Poles Seismic Line
67 ft. Line 3N \
Shallow T Seismic line ———» \
Seismic bank sof | @ © \
Line 1E
(1) ¢ \ 4 =N L
I Steep bank
120 ft. >« 217 ft. »

Note: Boring #4 located 14 feet north of Line 1E to avoid drilling on the hillslope. Boring #10
located 3 feet north of Line 1E to avoid interference from vegetation and the steep bank.
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East Line 1E West
| L L | | | L | |

Elevation (ft)
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Distance Along Profile (ft)
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5 100
S 80-
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(>I.) 60 -
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40-

Top of competent bedrock

® Very stiff & wet at 23.5 feet in B1

® Weathered sandstone at 21 feet in B7 | 360
Weathered dolostone at 12.5 feet in B10

Velocity
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2000 m/s
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Elevation (ft)

Elevation (ft)

Velocity Model

North Line 4N South
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100 i
80 - Velocity
I 2500 m/s
60 | -
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0 20 40 60 80 100 120 140 160
Distance Along Profile (ft)
1 11500 m/s
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B-11
100
+ 11000 m/s
80
500 m/s
60
-------- Top of competent bedrock
— Concrete foundation

L I L ® \Weathered dolostone at 19.5 feetin B10
0 20 40 Dig ® Weathered shale at 22 feet in B12
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Resistivity

Agency

Dry Creek
Experimental
Watershed (DCEW)

Goal — Determine seasonal variability

In water storage for a small watershed

Method — Time lapse resistivity

Idaho /i\&\
Upper Dry Creek Ry
N NV SN
Ny ek
&

Contour Interval: 100 m
0 1 2 3 4 Kilometers
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SEPA Survey Timing
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0.25_...:. ............... ................ ............... ............... . ............... . ............... . ...............
: : December 22 : : :
DE ...:, ............... ................ .............. Y i L ,, ......... .\ ............... _. ...............
ST S SRIRRONS e U 2% U e ST ¢ VERTTPRT SRR
01
0.05

[ | 1 | | | | 1 |
avi1e/ns 09/06/05 10/26/05 12015/05 02/03/08 03/25/06 05/14/06 07/03/06 0B/22/08

Soil moisture sensors buried 5, 15, 30, 45, and 60
cm deep

Data acquisition was timed to capture two dry
periods and two wet periods



160
160

80 100 120 140
60 80 100 120 140
Distance (m)

60

40
40

20
20

-20

Saturation Changes

ental Protection

d States
onm

o)
<



“EPA Magnetics

Environmental Protection
Agency

Goal — Characterize a geothermal system

Method — Magnetics

—

Location — Alvord Desert,
Eastern Oregon




SEPA  Susceptibility Model

Environmental Protection
Agency

Denth="Tx.

6.67e-005

3.33e-005

1.67e-005

L ocations
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Pipe like
structures




Questions?

y Contact Info:
" Miller.Carlyle@epa.gov |
oy w (580) 436 8950
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Environmental Protection

Agency
System Description Horizontal | Vertical Resolution | Frequency/ Time
Resolution Domain/ Static
EM31 Vertical Loop/ Horizontal | Few meters | Between 1-6m. Frequency
Loop. Coil separation domain. Operates
3.7m at 9.8 KHz
EM 34-3 Vertical Loop/ Horizontal | Tens of Between 4-60m. Frequency
Loop. Coil separation meters domain.
10,20,40 m 0.4,1.6,6.4 kHz.
EM 61 Coincident Loop Im 3-5m Time Domain
Protem Loop TX: 5m-100m, RX: | Wider than | Few to hundreds of | Time domain:
60cm TX Loop meters with time gates
6microsec-32ms
Syscal Multi-Channel Resistivity | Depends on | Cm to 100s of DC potentials
system electrode meters measured
spacing
OhmMappe | Capacitively coupled Depends on | Cm to 100s of Electric Field
r system at 17 kHz electrode meters measured

spacing




